This article deals with wave fields separation of a seismic profile. This study is based on the combination of the time-scale and τ -p planes. We present a method which consists in stacking the data not in time as it is done by the standard radon transform, but in the time-scale plane. This process enables different applications. In case of several non dispersive crossing wave fields, the algorithm is able to detect the different waves and to separate them. In case of a dispersive wave field, a new approach of dispersion estimation is presented. The tools are illustrated with synthetic data, in order to present clearly the algorithm.
Introduction
This paper introduces a new algorithm where the data are stacked in the time-scale plane. The algorithm combines the skills of Radon transform with those of time-scale plane in order to solve more situations. Actually, the radon transform (Hugonnet, 1998 ) is able to face many cases where waves are crossing over each other, but the frequency information is not employed. On the opposite, the filtering in the time-scale plane (Roueff et al., 2001) increases the separation power especially if the waves have different frequency contents. But since the processing is done in 1D, no information about the propagation is used. The fusion of these methods is done by stacking all the data, not in the time space (like standard radon does) but in the time-scale plane. A similar approach has been introduced by Watts (1999) , with wavelet packets. We propose to use the continuous wavelet transform. The advantage of the continuous transform compared with wavelet packets is that it is shift invariant so the normal move out is easier to apply. In addition, we will show that when the wave is dispersive the algorithm can estimate the group and phase velocity.
Firstly a short review on the continuous wavelet transform is presented. Then, to illustrate the proposed algorithm, two situations are considered: the case with two non dispersive crossing propagations and the case of one dispersive wave.
Wavelet transform
The Continuous Wavelet Transform (CWT) has shown good properties for the representation of seismic signals in the time-scale plane (Chakraborty and Okaya, 1995) . It has a good time resolution for high frequency components, and a good frequency resolution for low frequencies. This enables a fine detection of the waves present in the signal. It also allows many kind of processing (Kumar and Foufoula-Georgiou, 1997; Deighan and Watts, 1997; Nguyen and Mars, 1999; Roueff et al., 2001) . The CWT of a signal s at scale a and time b is given by:
function ψ is called the "mother wavelet". It is a bandpass filter which characterizes the time-scale resolution. Morlet's wavelet is often used due to its properties: good localization (exponential decay in time and in frequency), and symmetry (no distortion). Besides, we use the analytic wavelet in order to separate the phase information from the energy information (respectively given by the module and the phase of the coefficient).
Non dispersive wave crossing
In this part we consider the problem of interferences caused by the crossing of two non dispersive wave fields. Figure 1 presents a synthetic example built in order to evaluate the algorithm. For the first arrival, both waves have the same frequency contents whereas for the second one, they have different frequency contents. In both cases, propagation velocities are V + and V − (V + > 0 and V − < 0). Our purpose is to separate all the wave fields using simultaneously radon and time-scale algorithm.
A standard method (Hugonnet, 1998) is to model the data as one wave field whose velocity is constant added to noise. Then, the wave estimation is done by a velocity correction followed by a minimization of a cost function. Recall that the mean operator along the sensor axis at each sample minimizes the cost function in the sense of the L2 norm whereas the median operator minimizes it in the sense of the L1 norm. Both approaches are useful in practice, so both will be presented. Since the wave number and their velocity are unknown, the wave detection is done by checking for which value of velocity correction the mean (and/or the median) operator flavors one component. Figure 2 (a) and (b) present the envelope of the output of the mean and median operator for different velocities. Those images are in the τ -p space. On both images, four regions are noticeable testifying of the presence of four waves. They are present at different arrival times, and at different velocities (around V + and V − ). When one wave field is detected, its velocity is given by the coordinate of the local maximum of the image. And the corresponding wave is obtained at the output of the operator. This standard processing is inef-ficient for separating two propagations with an identical velocity. Separating them requires extra processing such as time windowing.
To treat the problem, another method is to use a timescale filtering approach (Roueff et al., 2001) . It consists in filtering each trace separately in the time-scale plane in order to separate the different waves. On figure 3 are presented the module if the CWT of initial four waves of the first trace individually. In all the images of this paper, the color map goes linearly from blue to red, except the maxima that are in black, and the minima that are in white. The recorded data are the sum of those four components, so at the output of the sensors, we get a signal such as the one presented figure 4 where the waves do overlap in the time-scale plane. So a time-scale filtering is not able to separate the waves totally. Check that waves whose frequency contents are different overlap less.
Both methods have some drawbacks: the standard radon use no information about the frequency content of the wave, and the time-scale plane is 1D processing. In order to combine the performances of the radon and the time-scale filtering, the data are stacked in the time-scale plane. This means, for each velocity (slope) correction, all the time-scale images are summed. In order to represent this information, for each coordinate at time t, and scale s, the maximum energy for all the slopes is estimated. Its slope argument is stored in a second image. Compared to figure 2, the local maxima are better designed on figure 5 (a) and (c). In practice, we consider only the maxima whose energy is bigger than half of the maximum value of the image. Actually, computing the local maxima of radon envelope image will define many local maxima, whereas only one is obtained for the time- The extraction of the wave on the intercept is conditional on a good estimation of the slope of the wave. To continue the illustration, we consider one of the estimated velocities V + . We have 4% of error in its estimation on figure 5 (b) due to the interferences. Because the timefrequency resolution is better in the time-scale plane than in time representation, time-scale filtering gives better results than a time windowing. So we use time-scale filtering to extract the wave on the intercept. On figure 6 (a) is presented the CWT module of the median output after In this first part, we showed that in the non dispersive case, stacking in the time-scale plane supply more information than the standard radon transform. It permits a better extraction of the wave.
Dispersive wave
In this part a synthetic dispersive wave is considered. We propose to use the tool introduced previously to estimate the dispersion of the wave. The group and the phase velocities are different and are not a linear function of the frequency. So from one trace to the other, the frequencies of the wave are delayed with different values. The dispersion is easily detected on the profile and on the F-K plot figure 7. Once knowing the wave is dispersive, since the phase and the group velocities are different, we have to evaluate them separately. Because the Morlet wavelet permits to separate the module information from the phase information, the solution is immediate. The group velocity is estimated by looking at the velocity of the envelope at each frequency (in our algorithm at each scale), whereas the phase velocity is estimated by searching which slope lines up the phase (at each scale).
Figure 8 (a) and (b) present the envelope of the profile at two different scales (or frequencies) (40 and 60). The delay between the first sensor and the last sensor can be estimated on those images for each scale. Then, knowing the distance between the sensors, we get a group velocity estimation. The radon transform is applied on the envelope images to estimate the delays as previously. On the figure 9 is presented in blue the real group velocity, and in red and green its estimation using respectively the mean and median operator. We get the same results because we are in the case where the dispersion wave is alone.
In order to estimate the phase velocity, we decide to estimate for each slope correction the variance of each point at time τ and at scale s along the sensor axis. When the phase is lined up the variance is null. At each point (τ ,s), we look for the slope argument which minimizes the variance. Figure 10 (a) presents the image of the minima. The area in blue in the middle corresponds to the area where the variance is small. For those points, a velocity correction permits to line up the phase. Figure 10 (b) presents the corresponding slope argument. The delay value at each frequency is quite constant for the blue point of figure 10 (a). This shows that the information is reliable. So the delays at each frequency can be read on this image. Figure 11 presents the estimated phase velocity. This velocity is perfectly estimated around the dominant frequency.
Conclusion
This paper introduced the possibilities of the stacking in the time-scale plane. We showed it is a powerful tool to separate the seismic events, and in the case of a dispersive wave, that it permits to estimate the phase and group velocities. As a perspective, a study will be conducted to apply this algorithm on real data. This may require new operators to process those new representations.
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